Primary stabbing headache (PSH) is a shortlasting but troublesome headache disorder, which has been known for several decades. The head pain occurs as a single stab or as a series of stabs generally involving the area supplied by the first division of trigeminal nerve. Stabs last for approximately a few seconds, occurring and recurring from once to multiple times per day in an irregular pattern. For the diagnosis of PSH, it is mandatory that any other underlying disorder is ruled out. Indomethacin represents the principal option in the treatment of PSH, despite therapeutic failure in up to 35% of the cases. Recent reports showed that cyclooxygenase-2 (COX-2) inhibitors, gabapentin, nifedipine, paracetamol and melatonin may also be effective. In this report, we focus on the therapy of PSH summarizing the information collected from a systematic analysis of the international literature over the period 1980-2009. 
When PSH and migraine attacks appeared simultaneously, they frequently did so in the same region. In the group of patients in which they occur with other type of headaches, both appeared in the same area as well as in the different areas [8] .
Head pain occurring as a single stab or a series of stabs of short duration (\3 s), of variable intensity, is located exclusively or predominantly in the distribution of the first branch of the trigeminal nerve (orbit, temporal and parietal area).
In some studies, the head pain frequently involved extratrigeminal regions (70%): auricular, posterior parietal, occipital, and nuchal areas [13] . Attacks of PSH vary greatly in frequency (from 1 attack per year to 50 attacks per day) and show a rather unpredictable long-term pattern [4] .
Because the frequency of occurrence is low in most cases, patients rarely consult their doctor for this type of headache.
The paroxysms occur at random throughout the day. In rare cases, stabs occur repetitively over days, and there has been one description of a paroxysmal state lasting a week. Some people report the persistence, lasting minutes or hours after a particularly intense stab, of a mild, dull pain in that same area. The pain is not associated with other symptoms or objective signs.
Although the mechanism of PHS is unknown, the source of irritation might be in the peripheral branches of the trigeminal or other nerves; however, it seems more likely that there is an intermittent deficit in central pain control mechanisms that permits the spontaneous synchronous discharge of neurons receiving impulses from the area to which stabbing pain is referred [14] .
Treatment
In the following paragraphs, we summarize the information collected from a systematic analysis of the international literature. We conducted a baseline literature search of the period 1980-2009, employing available electronic databases (National Library of Medicine, National Institute of Health, Embase) with the following medical search terms: jabs and jolts syndrome or headache/ice-pick and headache or pain/stabbing headache. Whenever available, chapters of book were also consulted and considered.
PSH is considered to be one of the indomethacinresponsive headaches [8, 15] .
It is not known why indomethacin is effective, but it must exert its effect differently than other non-steroidal anti-inflammatory drugs. Unique properties of indomethacin include the ability to reduce cerebral blood flow and decrease cerebrospinal fluid pressure [16] . Furthermore, it is postulated that it exerts antagonistic effects in the nitric oxide pathways [17] . Like other NSAIDs, indomethacin is a potent reversible inhibitor of prostaglandin-forming cyclooxygenase (COX). It also inhibits phosphodiesterase, thereby increasing intracellular cyclic adenosine monophosphate levels [18] .
Mathew [4] reported a clinical recovery in five patients treated with indomethacin 50 mg, three times a day. Conversely, Sjaastad [19] found little clinical response to treatment with indomethacin.
Pareja [8] described 17 cases treated with indomethacin at a dosage of 75 mg daily for 15 days, which resulted in complete improvement in 6 (35%), partial improvement in 5 (30%) and no benefit in 6 (35%). He pointed out the considerable difficulty evaluating the effect of the drug in PSH, given the marked and spontaneous variation in attack frequency. Fuh et al. [13] described 65 patients treated with indomethacin (46 cases) and rofecoxib (19 cases). The mean dosage of indomethacin (25 mg bid or tid) was 59 ± 16 mg, while rofecoxib was administered in a dosage of 50 mg/day; 33 (51%) patients had a complete remission and 19 (22%) showed a partial response. The remission rate (at least 50% improvement) did not differ between patients who received indomethacin and those given rofecoxib (74 vs. 68%, P = 0.2). Four patients discontinued indomethacin during the 2-week treatment period: one was allergic to indomethacin and three complained of gastrointestinal upset. The findings of this study, in terms of the preventive efficacy of the treatment, may not be reliable given that it involved patients with a low frequency of attacks and recorded only 2-week response. Martins [20] reported three patients with extra-trigeminal ice-pickstatus responding promptly to indomethacin (dosage was not reported).
More than 35% of patients receiving therapeutic dosages of indomethacin experience adverse effects and approximately 20% have to discontinue the drug. Many people cannot tolerate long-term indomethacin therapy because of its gastrointestinal or renal side effects or because they From reference (5) have contraindications to indomethacin (e.g. they are on anticoagulation therapy).
Patients who cannot tolerate indomethacin represent a challenge as regards the management of PSH. However, anecdotal observations suggest that drugs other than indomethacin may be helpful in treating PSH.
Piovesan et al. [11] reported three elderly patients presenting PSH within 20 days of stroke onset and responding to celecoxib (100 mg bid), a COX-2 specific inhibitor (full recovery from PSH within 6 days of first administration of the drug). Interruption of the drug after 60 days' treatment with celecoxib induced the reappearance of painful symptoms in two patients. Celecoxib was reintroduced and there was no recurrence of the symptoms. One of these two patients died of cardiac arrest during a coronary bypass procedure, while the other patient was followed-up for 120 days and did not show any further recurrence of the pain. A second interruption of celecoxib did not cause the headaches to recur.
O' Connor et al. [21] described one case responding to etoricoxib (60 mg once daily with food), a selective COX-2 inhibitor. The patient reported a major improvement in symptoms within days (full recovery within a week); 9 months post-commencement, the patient was still asymptomatic.
COX-2 is a key enzyme in conversion of arachidonic acid to prostaglandins and thromboxanes, and is a target enzyme for non-steroidal anti-inflammatory drugs. It is normally expressed throughout the brain in discrete populations of neurons and is regulated by glutamate receptors and glucocorticoids. Recently, seizure and brain ischemia were reported to induce COX-2 mRNA or protein. COX-2 is induced within hours after neuronal spreading depression and transient focal ischemia in perifocal cortical neurons by a mechanism-dependent NMDA receptors. In the nervous system, COX-2 can play roles in the regulation of cerebral blood flow, fever, hypothalamic control of the stress response, the sleep/wake cycle, and in peripheral and central control of pain perception [22] . COX-2 mRNA could be detected in dentate gyrus cells, pyramidal cell neurones in the hippocampus (CA4-CA1), the piriform cortex, superficial cell layers (II and III) of the neocortex, the amygdala, and at low levels in the striatum, thalamus (subparafascicular nucleus) and hypothalamus (paraventricular and median preoptic nuclei), nucleus of the optic tract, the pontine reticular formation and the dorsal raphe nucleus [23] . COX-2 inhibitor could attenuate the neuronal spreading depression that occurs in seizures as well as NMDA-mediated nociceptive excitotoxicity [24] .
NMDA receptors play a role in nociceptor. Activation of NMDA receptors causes the spinal cord neuron to become more responsive to inputs, resulting in central sensitization. Competitive and non-competitive NMDA receptor antagonists inhibit the response of dorsal horn nociceptive neurons to noxious stimulation and attenuate hyperalgesic behaviors in a variety of models [25] .
The response of PSH to the use of selective COX-2 inhibitors is in line with previous reports of their use in other types of indomethacin-responsive headache. This fact, together with the low side-effect profile of this class of drug, makes selective COX-2 inhibitors a safe therapeutic option in this type of headache [26, 27] . Furthermore, the long-term use of indomethacin in the elderly has been reported to be associated with a greater risk of fatal adverse events, such as bleeding or perforation of a gastric ulcer, and bone marrow depression or leukemia [28] , while celecoxib shows good tolerability and safety [8] . The COX-2 inhibitors, because of their lower side-effect profile, might be suitable for patients with contraindications to indomethacin, although their long-term use has recently been associated with an increased risk of myocardial infarction and stroke, and rofecoxib has been withdrawn from the market worldwide [29] . The long-term safety of COX-2 inhibitors is still under investigation [30] .
Fusco et al. [31] described 12 children and adolescents with PSH who showed a good response when treated with paracetamol (dosage not reported).
Franca et al. [17] described four cases with PSH responding to gabapentin (400 mg bid). The patients became asymptomatic within a few days (from 3 to 15 days) of commencing therapy. The treatment was continued for 6 months (3 cases), after which it was stopped without a return of the symptoms. These four patients had previously been treated with indomethacin 50 mg tid for 10 days and were subsequently treated with rofecoxib 25 mg bid for 10 days, in both cases without improvement. Jacome [32] described one patient responding to slowrelease nifedipine (90 mg/day). The patient remained asymptomatic over a 3-year follow-up.
In a study by Rozen [33] , melatonin, on the strength of its structural similarities to indomethacin and its possible pain-relieving properties, was administered to three patients with PSH to assess its effectiveness. All of the reported patients had shown a positive response to indomethacin. The three patients were given different dosages of melatonin (respectively 3, 9 and 12 mg). All the patients became asymptomatic and remained so throughout a 2-to 4-month follow-up. Melatonin is a pineal hormone and marker of circadian function. Its chemical structure is very similar to that of indomethacin. It has shown antinociceptive and antiinflammatory properties in animal studies and enhances the antiinflammatory effects of indomethacin in these same animal models [34] . Melatonin appears to be an effective alternative treatment for PSH.
In conclusion, PSH is one of the indomethacin-responsive headache syndromes. For individuals who have a contraindication to indomethacin, very few alternatives are available. COX-2 inhibitors have shown efficacy in some patients, but they have many of the same patients' contraindications as indomethacin.
Melatonin has a clearly more favorable side-effect profile than indomethacin. A recommended dosing strategy is to start with a bedtime dose of 3 mg and then to increase the dose by 3 mg every four nights until pain relief is obtained, setting 24 mg as the upper dose limit.
However, in most cases, no treatment is necessary given that PSH has a natural course of spontaneous fluctuations, with only 14% of patients experiencing persistent symptoms [14] .
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